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1. Abstract of Objectives

We have developed techniques for the preparation and preservation of

pure ozone which have enabled its absolute cross section at important

mercury-line reference wavelength 253.7 nm and at iron line wavelengths

238.3, 245.8 and 263.7 nm to be determined at the temperatures 293, 228 and

195 K. Specially constructed absorption cells are used together with

existing spectrometers and associated equipment and light sources which

have already been employed successfully to study the absolute cross section

of ozone at longer wavelengths. This determination of the temperature

dependence of the absolute cross section at 238.3, 245.8, 253.7 and 263.7

nm permit renormalization of the full relative cross sections for ozone

between 240 nm and 350 nm. A tabular and computer accessible form of the

ozone cross sections data has been made at 5 cm -1 intervals. These

absolute cross sections and their temperature dependence are needed for

accurate calculations of the atmospheric transmission in the visible and

near ultraviolet regions.

2. Introduction

The atmospherically important molecule ozone occurs in the troposphere

and stratosphere where the temperature ranges approximately from 200 K to

300 K. Accurate calculations of the atmospheric transmission in the

visible and near ultraviolet regions therefore require laboratory values of

the absorption cross section of ozone and its temperature dependence. In

the usual method of determining the absorption cross section a(A) of a

molecule, the formula

In 10(A)/I(A) = Na(A)()

is used in which the measured quantities are the ratio of the incidcnt flux



Io(A) to that transmitted I(A) through the gas and the column density N of

absorbing molecuieo. In the application to czone the major difficulty has

been that the ozone column density is generally not obtainable directly

from measurements of the total pressure, because ozone is difficult to

prepare free from oxygen and because it decomposes, especially under

irradiation, into oxygen. However, we have found that, when special

precautions are taken to prepare pure ozone and to prevent its subsequent

decomposition, the column density can be obtained accurately from

measurement of the total pressure, which can be used with measurements of

the optical depth to yield accurate absorption cross sections of ozone.

In the present research, we have measured the aosolute cross sections

of ozone at 293 K, 228 K, and 195 K at the important mercury-line reference

wavelength of 253.7 am. Many cross section measurements of ozone have been

made relative to the cross section st this wavelength. However, existing

measurements of the absolute cross section at 253.7 nm are adequate only at

room temperature and are unsatisfactory at lower temperatures. The

determination of the temperature dependence of the absolute cross section

at 253.7 nm would permit many relative cross section measurements in other

wavelength region, such as of Bass and Paur (1981, 1985) and our own

(Freeman et Al., 1981), to be put on a firm absolute basis.

In addition to this investigation at 253.7 nm, which is the usually

accepted reference wavelength, we have measured the cross sections of ozone

and their temperature dependences at the wavelengths 238.28, 245.83 and

263.66 nm, at the same temperatures (293 K, 228 K and 195 K) at which the

study at 253.7 nm is conducted. The results have been combined with the

absolute cross sections of ozone at several discrete wavelengths in the

region 289-335 nm made earlier. These results permit renormalization of
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the full relative cross section of ozone between 240 and 350 nm. We have

constructed a tabular computer-accessible array of ozone cross sections at

-intervals of 5 cm -1 .

3. Absortion Cross Section Measurements of Ozone

3.1 Ozone Absorotion Cell and Prearation of Ozone

A specially designed ozone absorption cell, made primarily of Pyrex

glass but possessing fused silica windows, has been constructed. The

vacuum-tight cell has been out-gassed by baking under vacuum, and

passivated by prolonged exposure to ozone. The entire ozone column is

cooled to 228 K or 195 K by immersing the cell in stirred methanol which is

cooled by a cold finger connected to an external refrigeration unit. The

experimental arrangement is shown in Fig. 1. Tubes with silica windows at

each end are mounted to the end of the absorption cell. The tubes are

evacuated to prevent condensation of atmospheric water on the cooled

windows and also to provide thermal insulation.

Ozone is prepared from pure oxygen (Airco grade 4.5 passed through a

liquid nitrogen trap) at 78 K in a Tesla discharge, by cooling liqulid ozone

at 78 K, and purifying it by pumping off residual oxygen from the

oxygen/ozone mixture at 78 K. The ozone was not stored on silica gel

because it absorbs not only ozone but also oxygen.

3.2 Optical Deth Measurements

The background continuum is provided by a hydrogen discharge lamp that

is connected to the entrance slit assembly of a 0.3 m Czerny-Turner

monochrometer. The hollow cathode or mercury lamp are set behind the

3 
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hydrogen discharge lamp and are used to locate the required wavelengths. A

thermally controlled mercury lamp is also used as the background source at

253.7 nm. Slit heights are limited to 2 mm to cut down scattered light

which is estimated to be about 2% with continuum radiation as the

background source. At 253.7 nm, the mercury line is also used as

background radiation in which case there is negligible scattered light.

The incident intensity (Io) was measured after ozone in the absorption

cell was pumped out through traps cooled with liquid nitrogen. Ozone

trapped at liquid nitrogen temperature has a vapour pressure of 2.5 m Torr

at 78 K (Hanson and Mauersberger, 1986) and was measured as 3 m Torr in our

experiment. It should be noted that with 2.5 m Torr of ozone in the 10 cm

cell about 1% absorption is expected at 253.7 nm where the cross section of

ozone is 1.15x10-17 cm 2. This significant absorption was taken into

account when the incident intensity I0 was measured.

4. Results

The absolute cross sections at the wavelengths 238.28, 245.83, 253.73

and 263.66 nm have been measured at 295 K, 228 K and 195 K. Those numbers

are listed in Table I with the absolute cross sections measured previously

for the longer wavelength region. All measurements except the one at 253.7

na were obtained with the background continuum radiation from a hydrogen

discharge or xenon arc. The optical depth, In 10/I, has been limited to

the range 2.0-0.5 in the entire set of measu.-ements. The 0.7% uncertainty

in the cross sections arises from the statistical scatter of 0.3-0.5% in

the optical depths, uncertainty of 0.2% in the optical path length,

uncertainties of 0.1-0.4% in the temperatures, and an uncertainty of 0.5%

in the pressure measurement. Another possible source of error is thp
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purity of ozone which we assumed to be 100% pure to obtain the column

density.

The absorption cross section of ozone at five mercury wavelengths are

compared with those of previous work in Table 2, where only photoelectric

measurements are collected. The agreement is reasonable at most

wavelengths. All measurements are scattered within 2.5% of the average

values but the values by Molina and Molina (1986) are slightly higher than

other measurements, though by less than 1%. Without the values of Molina

and Molina, all would agree within 1.57. It should be emphasized that it

is very difficult to achieve better than 1% uncertainty in photoabsorption

cross section measurements and an additional problem is presented in the

case of ozone because of its tendency to decompose. This agreement with

many different techniques is quite satisfactory.

The values of the absolute cross sections of ozone at 195 K are

compared with those from the our published relative cross section

measurements throughout the region 238-344 nm (Freeman et al., 1984). The

ratio of the absolute to the published numbers are listed in the sixth

column of Table I of Quarterly Status Report No. 9. The Cuti

least-squares fit to those ratio leads to the smooth conversion factors for

every wavelength and the conversion factors put our published numbers on an

absolute bases. The results are shown in Table 3 at intervals of 5 cm - 1

throughout the region of measurements and also are plotted in Fig. 2. In

the same table, the calculated cross sections at 195 K from the parameters

supplied by Bass are listed and their ratios are also listed in the same

table. The calculated cross sections at 195 K by Bass are also plotted in

Fig. 3. Except for the very longer wavelengths, both sets of numbers agree

within 2-jA. In the longer wavelengths where band structtires appe.L,
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differences increase to around 20%, especially at the minimum absorption of

the bands. We believe that the differences in the longer wavelengths are

due to the limited sensitivity of Bass's technique for such weak

absorption.

5. Presentations

5.1 Publications

Absolute Absorption Cross Section Measurements of Ozone in the

Wavelength Region 238-335 nm and the Temperature Dependence, K. Yoshino,

D.E. Freeman, J.R. Esmond, and W.H. Parkinson, Planet. Space Sci. , accepted

for publication.

5.2 Presentation at Meetings and Seminars

3/25/87 Seminar at Dalhousie University, Halitax, Canada.

High Resolution Ultraviolet Absorption Cross Sections of

Atmospheric Moiecules.

K. Yoshino

5/18-20/87 The Cambridge Meeting of the American Physical Society

The 18th Annual Meeting of the Division of Atomic, Molecular,

and Optical Physics

High Resolution Absorption Cross Sections of Atmospheric

Molecules in the Wavelength Region 175-150 nm

K. Yoshino, D.E. Freeman, A.S.-C. Cheung, J.R. Esmond and

W.H. Parkinson
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6/2-4/87 The 10th Annual Review Conference, AFGL, Bedford, MA

Absolute Absorption Cross Section Measurements of Ozone and the

Temperature Dependence

K. Yoshino, D.E. Freeman, and W.H. Parkinson

6/15-19/87 42nd Symposium on Molecular Spectroscopy

Absolute Absorption Cross Section Measurements of Ozone and

the Temperature Dependence.

K. Yoshino, D.E. Freeman, and W.H. Parkinson

10/27/87 Seminar at Herzberg Institute of Astrophysics, NRC, Canada

High-Resolution VUV Studies of the Atmospheric Transmittance

K. Yoshino
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Table 1. Absorption Cross Sections of Ozone, in Units of 10Ox cm2

Wavelength (nm) Cross Sectionsa

Vacuum Air x 295 K 228 K 195 K

238.2762 238.2035 18 7.45 [15] 7.51 [151 7.51 1521

245.8341 245.7597 17 1.010 79 1.006 11l 1.017, '9,

253.7279 253.6517 17 1.144 :81 1.154 101 1.152 :10
253.7279 253.6517 (Hg) 17 1.145 '26] 1.155 118' 1.151 '15,

263.6594 263.5809 18 9.71 :91 9.66 9' 9.64 11

272.1708 272.0902 18 6.82 4] 6.70 [41 6.67 2

281.4115 281.3286 18 3.52 6 ~ 3.31 '4i 3.30 .5

2 89. 4 4 4 6 b 289.3598 18 1.488 '51 1.402 '4 1.399 5

296.81S0b 296.7284 19 5.97 IC 5.60 4 5.50 5'

302. 2 3 80b 302.1500 19 2.91 51 2.65 5 2.58 5

314.2242 314.1232 20 5.86 5 4.S6 5' ISo 5

322.1649 322.0719 20 2.39 '6' 2.15 ' 2.20 3

3 3 4 .2 4 4 2 b 334.1481 21 4.37 3. 3.11 3 2.-j3 3

344.3526 344.2539 21 1.132 30.974 3 O .S43 3

aThe numbers in the brackets are the numbers of optical depth measurements.

'Cross sections were presented previously [Freeman et al., 1985*



Table 2. Absorption Cross Sections of Ozone in Units of 10
- cm2 ,

at Hg I Wavelengths

x=17 18 19 19 21

Temperature

K Cross Section

)253.6 A289.3 A296.T A302.1 A334.1

YFEP- (1988) 295 1.145 1.488 5.97 2.91 4.37

228 1.155 1.402 5.60 2.65 3.11
Mb (1986) 298 1.157 1.540 6.229 3.027 4.46

226 1.166 1.468 5,766 2.720 3.22

MBHMc (1986) 297 1.137

BM d  (1987) 297 1.136

221 1.144
BP e  (1985) 298 1.501 6.07 2.94 4.7

228 1.423 5.59 2.64 3.5

HBDf (1985) 298 1.436 5.83 2.83 4.28

H9 (1961) 294 1.147 1.47 5.971 2.860 4.27

ITh (1953) 295 1.140 1.46 5.76 2.84 5.22

'Yoshino, Freeman, Esmond and Parkinson, present work

bMolina and Molina (1986)

cMauersberger, Barnes, Hanson and Morton (1986)
dBarnes and Mauersberger (1987)

eBass and Paur (1985)

fMalicet, Brion and Daumont (1985)

gHearn (1961)
hlnn and Tanaka (1953)

12



cNc4040 4NN0 N c- Nq NN N 1 -

N N N* cN cN N cN N IN N NN N N N NQ NN N" N N4 N4 Nq N4 N N rN4 N NN Nv Nv N4 N4 N4 N NN N rN4 N N

N 4 ", c'ON -"N -0 N~ "- '0 U .0 N4. c4 r4 r4 q <N '0 q cN 004 ON (N ~ '0N' 0 r40 (N <N 4

N N Nv N N (N N N(N Nv Nv N NNN Nv N NIN Nq N N(N N .N N NN N N N N NN N N N N 04 NN NN N N N

N N N N NNN < N N N NNNN~ c4 IN (N OQ '

w.. w wwwww.. : 4 1 .~~~~J~a a,0c o 00 0 0 0 0 00 0 0 0 0 .,o 0000a,00 000000o240m
3~ ~~~ ~~~~~ a, 20 0 0 0 0 0 2 0 20 0 0 0 0 0 0 0 0 O 0 0 0 0 o 00N c, 0

N c, N c 0400000000 000IQ02o00 0Q000000-00-000-0000 00-0-000 -

3 N NN NNNNN NN .~N NN . N N N NN N N N N N NNN NNNNNN NN N

-~ - - - - - - - - - -

NN N N N N N N, N N-,N N N N NN N NN N NN N IN N N I

c- lo -1,

-'. .- -l -N -' -S -0 -0 -0 -0 -0 -0 M. a, 4 -- -. -. - a -

zz C) -Do
S -D S-O 'S S ' zS 3 3Scz

- S20SN5"'.C'0'0'4='= = 2. c CS S1N0O0'z

. . .. . . .

m' 31 7
0

2 0 0 0 0 0 2 2 . 02 0' o ~ o ~ o . 0 0

rN ( N . N r4 N N q IN NNN NN N N . NN . N N N NNN N NN .N NN NN N N NNNNN

u! wC owwwwC Awwwwwwwww 4wwwwww z 4 z:::a

,D ozsL nvmwr ,

m 4c4Ii I Q m-4 c NN m 0 Q3

c oc o o

o n o fot f DI'o% l0I ,o6- A0L )o l n ou .

C ~~n n )Qr a(,2

3 13



- 0 ;z m - - , o- ncw% ~r o % 4 = mo:mL nro wr nw r0 V

- - - -- - -- -- - -- - -
m' ('4 (' <N(4 m' C' ' ' 4 m (' 4 '4 ('1(4N(4( N (4(4(4( ' N(4 (' "' ' N(4 ' ' ' N(4 (N4 ('4 " I (' ('4 ' ('4 '44 ' ('44 ' (4(N

1.2~~C ID tN In OD w I I I.II I I

0 s0 ' WL 0 "o, w1 1 a. , 1 ,m r2a 1 I r- I2 I-: Io Il I*; IomC . 4ClmU

In C4r 4 4 CC*C, N C 4( NC nw 'nk,' Q - - o a *r-VIW ' n
N, 6

CD cm00a0( D01 D00a =00C D0 l0C l000000000C
ff
M.' .In c d 00U"00000D0 an00000 0000V0)00.00.00L000 )0 'n00u.0600I0000a0000v

00000000000000000000000000000000000000000
000 000 000 000 000 000 000 000 000 000 000 000 000 00

4 ~ 4 C mm Mm'~~ o o o o o o o o o o- ~ .- C4NNNNNN'.~

64oa. a o o o o oo o o o o o o o o o oo o o o o o o o o o
r0 " yoao 4w0W c1; (N(4wW nN nm0mNm -MeCN 0r 1 l m -

C4 C4- * (N <4 C IN (N CN '4 (N (NC'4 4 CN4 4 ( 4

0 n4 k41 CAm " .4NNNNNNNNNNN N N N N m N m N(N(N(N(Nas(N(N( N V.'(NN((N n(N wN(N(N(N(N(( 2(0(N a.,NC' n 0 C'4
0' mV, qa -no - w- c 0

.l .
1041a ,C4CN NI n W ",V'V

C4~~~~~ ~ ~ ~ C4N( ( (N~ t1 4C NC4I 4r 4NN( 4 C

COW C WWWWC
Vl- QMCI(=Lno C4 Cc'CD (4 fl- 10

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .( N ( N N ( N (' . . . . .

- - l1 01 ,- - - - - - - - - -r 4r 4C W I ' e lu
0 0000001

.4~~~ a 0 ('( (D(t 0'( 0 c, 0(( c,4 Q 0 a 0.C'040I(0~~ 0 .( 0I.C(a 0 (DQaa(( a0I4 0 ('0 I(D C 0 04 0 0 00 (('0. 0 04 0
. . . . . . . ..0. . . . . . . . . . . . . . . . . . . . . . Ic n 0)anaIan v v do~ 2 T l 1)aVCVCvaVo a onCn n0L

c4r ,a ,N ,mc : qr
> r ,ac , 0

I.j

c4 ,n n4;N((N 4N a NNN((NN(((NN((NNN((NNm(

N (N4 (N (4 N N (N N N4 N r4 CN4 N (NQN ( ('CN N (N(N (N (N (N (N (N(NN(NN(NN(NN(NN(NN(NN(NN(NN N(NN(NN(NNN
C-4 N1.4124N7C4M7< , < (, q( V( -4( N( -

m w.1 V N - C 1C4w 4 a l: ,I

04 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ( ( (~ .'I ( ( ( r4(-4C 4C4ca ciNC4C 1 4 q( 4C 4C ' NC - 4

0
f" o w w10 0a, r-- m 0 as C, N4 W:4(N( (N

0 00 000 aa000( 00a00( D OOOOOOa ooaooooco o oooooo oO 000 0 0 000ca 0 000 0
00 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0

1 ~~~~~~~ ~ ~ ~ )w O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0W00v00V

14



- - ---------- ~0 0 00 0 0 0 0 00 0 0 0 0 0

I4 J SO 'Lo tm %III III oo C- nI n Ln M nANC

ol 1'0 o00 co 0% W, co 0 .0 10 10 IQ* a. r- C- r.: co co a,~ 0% ((4- 0 '0 * . 4 '4 q 0 4 (4(4 ( 4* -q (-4 4

c -4C4 -0 0 0C00 0 0 0 0 ('' '0 z 0 % 4 4 4 .4 ..4 .4 .' .' .'14 4

o U," 0r 2 0%(% 0-r r M,.0 
0 % % 0 0 C Mm ww l %

> M%%%%%0O00 w w w w 0 (),0% 0,O % ,a O ,a,( M0 D0 0000a

0000000 0 o ooo00 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(U m n I om mmeM C)1 m o o o oo om oo om ma mI nI

1.4

~~~~~~~~~o 0000000000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~

VU7

'a (N N N N N( ( (4 4 N N N N N( (M 4( 4r4r C 4 " CN CN(N(N (4
C" C-4 (-. ~ . 4. t I I I I I ,V -C4 42 C 4 4 14 r

V0- -11 I? 0 0 w a r4 ao0 o - ~ % , w 0 1 a ww , 0 0w 0 a 0 C 0'-Q 0 C
eqa0mI 01 , C-(Um vwl q-l )o ) m~ - o ~ C

"4 n ' 0' .44 4 4 , , ,o . . . . .- -.- -.- -.- -.- -.- -.-
. . . . . . . . . . .

r fI - 4D- -c m- - - - - - - - - - - - - - - - - 0-% -- -- --- -- --

(U CD a 0 aa a a OZ:) a c( 0 0 a aN a 0 CCN a4 0 D a0 00

U, 4.D 00 000aa0 0 0 0 o00000000 )000C0000 00 00 00 00 C)~

;: w C 00 0 CSM0 W0 0 0 0 0 M0 0 0 0 3 0 0 (3 Ww O M 00OwOMOOOO00 3f000a)0a) 0M0WCW

-44

4? 0
'A '

a' '4 (r4 '4 ('4 '4 ('4 (' ('4 ('V ('4 ('4 M'(4' ('( . 4 (' 4 M' ('4 ('4 ('4 ('4 ('4 ('4n m'( 6'4( In44( In4( ('4 ('4 (' ( M' (' -' (' (' (' (' (' -'( -'( - '

40 0 CC 0 0

---- --- ---- --- ---- --- --- 0000 00000-~

L4



a~ wiaa n r nr - n% 4r wc oa na awoa v v n ' vO QwI

mN( N ( N ( ( N (N ( C N (( N (N N N N N IN N N 4 IN (N(N N m IN N N N N N (N rN (N r4 N N N r4 (N (N (N c4 (N (N 7 cN( N (

(N mN (N .N .N .N (N .N( N( N(N( N( N (4 (N I N rN (N (N (NI INN (N (N IN CN ( a C4 (N (N ( 4 (N (N ( l (N 4 (N (N (N (N (N N (N (N l (N (N N ( (
W Q i W WI WI W' I I3 I3 W, W, W, w w ra C4 w x

r") m rL .w0- 4m 0L 4ca %G oa %O %C or . owC QI-O ,0 0 Q' nw
en Mm 4M : -:q*q -o.0 v: 0 .I ,O 00w 4 0 wNI4 In 0dn w

. . k uiU C ' 0k aLM0u nal 0L n0L n0w 0L40L 0L)cL nC )u : n06)06 r r

-- - - - - - -- -

o c o

0 00--~o N o -IQ IQI nl ..... N r(c 0 ~ aacao l (N 'I-
.~ . .

:N cN IN 4 4 r r or4oNrq NIr4 4 ( (IoNff)m omen mm mm m-, e r4INr4(Noq v -m m

- 0 c o00a00
T 4r ' 4r 4" N 4:4r q c r xr 4r 4r c 4c 4( e 4 4r 4I Nc N '' N( N: NN

wJ w00C40w 00w0w00w0w0w00 000w00w00000C40:400w0Go004
.n (N N NI N( ( ( ( ( (N N N N N( ( ( ( ( (N N N N - ( ( ( ( (N N N N N( ( ( N I
w 0 c cJm v, w w r - k c cr ao r4r -c:-4. 4. . . . . .(

-Il -I r4~- M N 4rl<*c 4( 4: 4c 4rimm f~ 'lI 4 n mf) mmc 4( N< Nr N.c

W0
0 0 00a0o0ma0o0 00a0a00C00o0o0c0 0 0 0 0 o0 aaa 0 0 0 0 o0 oo0 o0 0o0c0o0 0 0o0oo0oc0oc0m=t

> mm

r4 mQz nr4O l0 a . ,2L . ,c " '

-Nc (N 4 qNfN (N q(N (N N(N N : N N(N(N c(N (N NN ( N (NNN NNN(N NN qN~ N

M~ 0 0300004r40qr4040 000e40 000-000-0 000-000-000-

c, ,w -)maw r 41 0I 0 r Qaaaa I nw Q wr- a

.(3vc 4

-JC 4( C ( 4 4P 4 4'l'4( NC

o o
o- o0 00 00 O~ 00 c0 00 ~Z -( I c I oooo c co

n nct ' )0L n0U'oV l0 m0k '0L n0W i O0Wl0W D6 Now )c o w
r 'o --- 000 - - - - -0000000000nl000000000- - - - -0000I0

m-I3 4C 4 t N 4 4r 4r N N a ;
C4 r L4 

4 " M _ M M 2

0000 000 0000 000 0000 000 0000 000 0000 000016



ococ%000 0%c0 coo 00000 %000 0-0%O0

- -- - -

(4

% 0% UIN 0% 0% 0 k 0 0% 0 L a% 0 0 6n 0% 0% % 0 vi 0 al 0w 0% W' a% 0 0 0% 0 0% 0% 0 0 6n 0 In 0 0% 0 W 0 0% 0 0% C0( 0% In a% ill%0%0

Cc f- w -- -DC ,0a 10Mwa 4m

C4C4c 4 C NNC4 c C4 4 N 4 0404 N40 N0N0N0C14

41 r-1 ,11aCnf-0c I

- - - -~- -

un4

c a40 004000444000C4004a00 0400a4C04Cn00404C040404040C4 c C
. . . . . . . .

01 N M I: ;,

QOOMOOO 0

41 - -- - - -

N% N N r C4 NNC4C NC 4 NNc 4N N- N , , N-
c ul w c wwwZ 4: 4 Lxw :z L U L L
0l < M 4w r - 4-av)(1 W W 0 M3 0-NN4-

4 M W nM -~ 0 0 O-wn 0 N r U nV U)lC- wa -w
ktu, l,.) l n o ) ) Q D Q 0. 1 000.1

W~ ~ I0 0 440 0 (D a a CD0 0 0 C0 O404 c40 0 0 c 0 c00 CI0 c0N04C 0,-)C 0 C0N N 0N.N444 a z
C4( 4C 4C 4C4c -4NC4NC NNNMNC N N - I -Q

w1 c N WO 0% Wc w5 ;a I 4: 4
10Wr nr 0 " 0 M zZ

r- 11 eo-cel O V 0k c O L)

04~~ ~~ -4 -4 N -4 -4 04 aIN0 c 040000000000 c444400 4 4 0 0 0 0 .0 N N N a 0 .0 a a a Q 0N ID a = C C N C

r. a n( )1nc nI 06 n042u) 0unOL''lC'nC0 In2 0
> 0, (TM M-,

mm m - - mc N (( N c c N ( (4C NC 4N( l
0I

01



E-a ,, c c o o o -c a- - -c o oa o o- c o Qcm0

-- -- - -- -- - --- - - -- - -- -- - - -- -----

w% 0 0% M% v% w 0% 0 4 v% a%0 %0 %0 0 % 0 f0' M% 0% 0% 0- C4 w% 0' a, 0' C % w % C7 % M%0 0 0 10 m ' a, w% w w a, 0% 1' 0% m% ;' r) M% 0' w' M
N N7M!(M - - - - - - - - - --W, L L L OQ OOC- - - - --w- - - - - - - - - - - - - - -~

. . . . . . . . . . . . . .
ff nMMM n n n. n nCM11Me nMI)M1 .2- .;W , r-

~I ~ I D 0%01 1 1.
2 0: !II WW-CW *
w.. o S4or.r.D - 4 - .M w MW r C - ,00 n , ;:CU

(n (n -4&-4M M -), IMMMf; ,:W V-*

- -w'0000L LA O300 a 0 a U')0%0 %n 0 c V) % 0 -
E- O OOOO OO0% o MO 0%o0Mo V, coo.)0%w0%o0 o0%0 a,%0%0 0%0%'0%O %0N --)

10 0 D

01 0

Ln V ,C4 Qa D )-I D1 1 1
-4( M( . , , - - - - - - c D m a ,a

C~ ~~~~~~~~~~~~~~ .%%00.%0 0.%0 0%.00%.%0 0.%0 0%.00%.30%.%0 0%.00%.00%.00% %.00% .03''.0%%. 3''.~
to , 'rC 4 (4Cr C N ,*CC4 r,<, C*N ,C q - l 4 C 4r NC

QI O NIo C cQ~~mnv

oo - C"M- ,.'-- -

to C 0 1= C' 1=~00 % 0 N 0% % ,- - - --

0

- -- - - L L: S ..

41L v1 0 , e U, -- - - - - - - - - - - - - - - - - - - - - -

. . . . . . . . . . .

en en -W 'W %A 0' 10 10 ' 0- CO CO 0% 0% 0 00 N' CN M% rn V% W% 0 0% 00 0% r- W0% ,0 ( QM " 0r - a
> r- I-r I, t- r- rI I , r- r. r- r. r- .wI s y , Ln ,a la c

0 C4 C4 C C C CM nmU nr n( ( , 4C , - C4 O O O OO O O O O O OO O C O O C ,4 (4C COC(N C CN (N r4C4

18



.0 0 . ! . . . . . .0
- 00 - 0- -- 0-. - Q ------

0%0 7 a s 00 0 a, 71 , a am a aao 0 0 0 roaas0 0 0 0 0 0 0 o oo z c

% 0 r. r- - w3 - Itl 10 a 03 a, r- 0 -N W*, '0 0 (4 r- n 0 (N a0 0 0 -4 ( m -W II 10 C'- w3 CA 0 (NI ~h~'1 30c

-~~ 033303 a,

oo rI ' I I * I I I IIm' I I I m o I~ ,w w w m . w oC n

o r 000 (N(N -I -03 300 O00 000 C0
.

.0OD00000'Coo0C-0ol0l00 0000 c0O )O0 o 000c 0C 0000coO 00Cl SO

w 4 w m0mI , 0r 11
tn co m Cu , wma Dooj u , o m aw z(,
V 0-.(J N , q -'~rr00o0.,-.N N ~ U '),r0 0 0 0.~-( ( 0

100,, 10 10 10 N(N 0( (o w(co w 00 m co 03 00 m x

V
WO 3 w . :: 4w :;w L 4www ::Z44X:;Z :,

-, 000 000 000 00000 0, - 0 a,0 0 0 0 0 0 0 00 0,0, . .0..C.00. '

*0

D) 030303m303030303030303

r n

0 C.

C ~. . . . . . . . . . . . . . . . . . .. . . . . . . .~C

0

OD0
0 I0C 0c000C 0C .O. C)C

cI o n0L , ' ;< ;QL Qn f*0 ' * V)L, ,C

C (19



0 co 200 0 - 90oo -roz , cC c y 10

10-~

4N (N (N (4 (N C4 (N N (N( N( N( 4( N( ( N (N C4 (N C4 N (N C4 C4 (N (N4 ((N N (N C4 (N C-4 ( (N (N, C4 C4 ( 4 (N N N N N (N N N N (N N

. . .I . . . .I
O= 4, V O'( N 4, 1 10 *,ovo-.clIn 0000 ( 206 n 0LM0 ) n 0X)0 0vi0n 0q4,

cy

, 0 a,-

LI r 0U ,a

--- - - - -oo--- -- -- - o -,

11( In aN m VI3

U z 2!

W (A
c Ll wwwwwINwwwN

0,~ 0 0 0 0 0 C S S S C ~ 0 C 0 0 S 0 0 0 0 0 0 0 ~ 0 S S
a ~ ~ ~ ~ ~ ~~, C4 0000 004 00 00Sc 0 O000(N00-00-0c-0O-SS-cc-

C4C 44 4 ' . .0a0 0 - S . - - - -c--- --- ---
-1 44:

0 iau i0L.0I DW)0L n0L n0wl0V l0w l n0L n V r

co0 4r n- wV n or 4wWq ,00_ m( ru)u)0, )c ?,vlaf 4(-W vi -Ww- W - W- rV n. )L nu nu nk nL l r u
f. (n (nm me f ne nMe M e nMI nrn MW f)me)m

a2



- 0 M( No WW% % s-4'Nm0W Q O 0 0 0 00% ='
4 

- m C ri-

E- m 0n lo 0 o om 000om oao o 000 O0 o mc ,a 0 o00(%O0 0 0 0 0 0 % 0 00 o00amaa a ya l c a , ,a

'0* a ' ' -; '0'0 '0 '0'0 -;-;- 0 '0'0'00 0 - '0 ,- '0 0' o' ' '0' o'0 ';0 '0' '0 ' '40 o' 0 ' '00 ''' 0 00' 000'''

m m0 4 r 'o r~0- 0 % 0 a Lm W' () a, r-0 0% g( 'r 'o W a00 '0N r4 r' m C4 M.- a % 1n - '90 lN -;' a,~

C) 6M, ' u.4.4.' o.4 *'4.4 ... 4444 .'4 '4' 4' 4'' 4'n o' 4* x), 4A 4' 4' a'4 4' 4' 4' x'4 , ' 4.' 0' 4.4c' 4

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ''' u. rw0 -w o0r %(1 , 0 ~~
rO r- I I ~ - w m ww

1  
w, II wI = a,% (1c,(1 mca ,a y l:1c 'a

in) Lnk nL nLmL nL n% n' n ' ,v 'V n ll2 1I) 61J )6 nV 0U 1J

C) 0 0 0 0 0 0 0 000 0 00 0 0 0 0 0 0 0 0 0 000 0 a o 0ooaaC Doo o0 o 0 o c 0
00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 00V
00 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0

o !!

in C 0 IA W0 I W0 I Wo~ W0 I W0 I W0W0 I W0 I W0 I W0 I W~~j0r~0
In '0 00 NN4 r4'WW oc00 0 =a,''W W 0 '00 -

10 .' . . . . . . . .. .'00''00''0 %0 0% %0 0% %0 0%.0 0%.0 0%.0 0'.a00.

444C
.4 0''0''00'00''0''00'00''0''00'00''0''00'00''0''00'00''000''0''00'00'fl''00'0 n

In

4j W In '0 0'0 % 4 W ' C0 ' 00 0 0 0 N .04 O ' 'O N
> 0 0 0 - - ~'00~~

C

C ~ ~ cy c' o0''' Co 33 W CI eN W ao W0'00'00'00'00'00'00'00''0''0''0;; 0''0p M ''0f3' W ~ C
3o0 o3 3n m c

WwwIo~ ww w00 0 0 0 0 ooomwowo mooom oooocmam oM oo o =mco o0 0omo m = m-
0%~~- -l -00-0-o-oo-o-o-oo-o-o-oo-o-o-o-oo-o-o-oo-o-o -c un oo o o oo o o oo o o o oo o o oo o o o oo o o oo 0 0

0 r0-( 4Qr 7 e , ooaooa , ,(,or
r4 m a, cZ 01mm- la a r0 r4 4 rq r r r c ' ( ' r r * 7 ' 4 4 q 4 ( 4 '7 N. 7 q c 4 ( 4 7 q7

0) 0 . . . . . .

4 q In cr o vmwmo C -ma ,wZm3 ,c

M) .I . .I i .i . . . . .

C4 (N meCf ( . q 4l4 c 4"r r NN(4I

o c o o Dooaooaooooaoo( -

C 0'00 Ln ' o'no1, n0 0 o' 1 610 el '0 ''00 Im0'' c 0'm0')0'Ln0 '00 Ln 0 ' CDin 0 f) o0 ' 0 '00'000 X n 0 61 ''00 JI l'10 10.

C ) M( 4r n- v1)v ar wwa NI )--c 4mm o nL 0t ,f-= Wm7 D c 4( wq Q

m 4"mr 4mr qr l"c qf)m nmmmmmmmmmmmv . .
1. n )x)v WI ~ %n v) v) v) v) W) v) vN'n'0kA00% %0%''0'00'0'In'000' 0 %%n k 6,1 L 0nLm n t v)m L -----------------------ll)kn n l 6

0. N NNNN NNN NNNN NNN NNNN NNN NNNN NNN*'I~~21



orcl -l MO l aly

'00' 0'00D 0'0' ' 0 0 ' 0 '0 0 0 -00' -00' -0' -0 ' -0 -0 0 '0'0 0 '000 000 0 '0'0'0 ' 0' 0

-- - - -- ------ I-- ----

'o' w'a '0o '0 '0 , '0 .0 .0 .0. .0 .0 .0'' 0000~ ~~t 1~ I. (~ 1 1 ~

.', IQI-I

-D o~ o o 0 > 0 0 0 D 0 o o 0 o 000 0 0 o 0 c o 0 0 0D o o o a c o 0 0 0= o c 0 0 0 0 C c c ID c o o o o c c

~ no t, ~no ~,o 0 Ino , 0 nt 0 0 ,.n. 06f)r~'t 0LII0( r~0(01111(0~0(01
O4n Ouonon

*~ ~ ~ a a% a1 ~( (.1110 0 .4'' '0 m 00 u 00' 6n ' '00Q00O r- w ~ aO a% m ~ 0. r- w- w~. a, a, - r'0 0'000'000

In m I

-l 5-. o ,a , cl- a a c

12I IQ -. qD..-.4. w - 000 - -

. . . . 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 ' ' ' 0 ~ 0 .'" .* . . . . . . . . . . . . .

0-, cD o0000000 L.00 -0 , d,0Q 000 o00 2002 c 0 00 o 000 00 00 0
o 0 o'qoooo 0o4ooo ooo o0 oo oo0 o:oo oo o o oo0-4-

xU 3 000000~ .:

W% W . ]wwC 3w wC:wwa - 0W l:;z: a

C ON o - -m v- - - - - - - - - --oc N lm l N , c w

N) (DG 7 ,(,0 7 ,cCc ,ol(10c DC cr
02 -0 a '~ 0' 0 0 0 'O ' 0 0000 0 J'

w, v:-*v n 1 n nII " ' l ' I, ' l n 1 1 r

02 Z 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 - 0 0 ~ -

c f

0

V . . . .. . . . . . . . .~ . . ( . I. I. . I .A .A . 1 . 1 . 1 I. . A . A . . . . . .A . .A .A .1 .* . . P I

'000' '0 D00 ' '0 a o'a '00 0000000000 (3 oo 0'0'a0'oo0'c 0 o ''00 00f' c00 ' '0 '0 ' '0 '0cz

f2 (U a ~ o
4 04( 4 4 I

fn m0 0 0 0 0 '0 0 0 0 0 enmm, ne nmmmf n nMM1 1 nmm me en' '(o) "o w

'22



x ~ ~ ~ ~ 0 00000aCO O CO O C C OO O O OO O O O 00000 0C

-V 'o' a r- w W 0 C4, kn a LM 'a n W Ln a' Q0 , . - - - -a CN %0 ('4 ('1 m w 4 -l ON ' W 4 w f w f W f .4 I I0.

.o . . . . .. .' I I I . . .
W mc U oWa 3w t4;O ,a so %a 3, 7 a Na ,mcm m , ',c ,mo ,a ,a ,a

= " =Vam0

UI4 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 C, C C
0000 00 n 1 1 0 0 N 4CC I0 00 00 0 00 0 00 0 0000 00 0 0 0 0 00 00 CC,

Ul In 01 00UIJ 0I(' V)o~ .n Ano L 0~0 V) 0I( 0-IW '0 ('D z~ 1D 10 10I' 1010101C4

U > q ~ ~ 4 4 q .4 . . . . . . . . . . . . . . . . . . . . .

w : aWwa L .C4 ~ 4a wrr-, W.1:4 x w w w zor-- x-:44 -- r-.r--

.401

oo 0 0

4' C,:71 CIO=OOC YCrCOOOOCOOO CCO COo OC O O OMOO C O

C Y,
C a, a,.N( , , N, a',N a, a% Ij fl a, S

C4 - - - ---------

~ 2'

MN 0 0 , 0WC 00r"
r4 aC m~Z o~, o o l Z

r - r 1: .0 00mW to cc W m In 30wx :c x

.. .. ... .....
V) 0 )0 I0V 0V n U, c) a6 - n I )

101 %C 4<Nmm V o' .

q- - cwa
WW WW M M M CY 0 a%,7,a, 0, a,0% (,% c, 0, m ( 0, C', 0 0 0 0oo z o
10,00,01010 0 000000o00000Q0000000o'o000 0 0 0 00 0 0 0 00
In M en0 m m00 00m0 0n0 0en00m00 000 0000 0 m00m0n00n

02



S03'00 0 C!00 00 000 0 00000000
- - - - - - - - - - - -~ - - - - - - - - -NNNNNNNNNC -NNNtNNr

--------- 1-l"1- -

l oooooooooo oooooo o o0000000000o o0oo

0 ,I I l~ l l l l, l l ' I I l l I I I I [ CII I I l T I l I 
, '

to m g l g g i g gg ; g ~ ; i l .. . . . .. . . . . . . .

o

00--m 00"04 WN

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000000000000 C
cy wm ,w wa a waww ma , aw w a, , a a, w wooo , a

x 0 0C000 0COO 00 0000000000000 0CO00000 oo- CC0 coCC C

1/224

IA C C CO

r.) C, 0 n1 01 , w1

10 (,N 00 0 O O 0002C -00000000O0000w 0C, , 0 00 0 0 00 z 0 OO O
3'~ 0 00 00 0 0000 0 0 0 0 0 0 0 0 0 0 0 0 0 000 000o

>~~~C 3333330330000000000.0.0.00000 C

mw ------II0III-I----IW-

10~~~ ~ -, aNN~~ aN N n v r

lfl. . . . . . . . . . . . . . . . . . . . . . . . . . ..00 0 0 0 0 0 0 C 0 C C C C C C . ~ .- .~

m 1/C V)w < ) u w-0C c c
c, a, 0 a

a, m 0 In ,,, } r- I w 00 a, a, 0 n
>C 0,, Cor -r -t-r-r -r c )r -r Mw W r mWwr w , ,clma ,Cc
- m m N O~0~,CI~C4N'

C~24



0- a- O 00 0,aa,0aam0 7 a ( 0 , y ) 0, , 0 0000010e00o0o 00oo =1z 01,

r - - r- - C- C - - !~ -. r -C -C -- -- -- -- - . -- r- - - C-- -- C- ~ - - - - - C- r- C- C- - -- C- C-C- -

- - ---

-- --I * --- - - - - - - - - - - -I.

4
0 0 0 0

.
0

000000 0 0 0 ................. ooC~~------

0 000 =O Ct0 0 = : O 0 00

U) - - - - - - -- -- - - C --0 C -CZ- - -

~- COCO0 0CCCC0--------------------------------CZCC~

. . . . . . . . . . . . . . .

an 
-

10L n0 c 01 l 0v 0 . n0 :
V tC-

m m ,r

a, C, aa-,a ,C 7 lC ,Z

CO = C C a, O0 00 0-a,.~,

----------- --------------

" ,7 -7 7 -- - - -- - - I -- - -- ---- -

wo 104 0r-r I-a wo

U) 00 0 00. 3 . .. .- .-

- -~ o o o o o -o ~ c -oo -o -c - -- -. -- - ----

U) tm0X n0V)aL n0 C W) a - C --- 0-A oznz LM--an 
-OCLM M wW " Q'~ I D a ~ 0 0 4(

4) knuli LA VI Vl~ l I W)lIl l VI W) In l .n -l o ol'' 01 0'D1 01 Q1 01 01 ,0 r r,
MM mm mm m n m nf ' ' ' n mr , n m M m m M M W M W W-

~ 000000025



E-C

---- --- - --------------- - - -- -- - - -- --

-- N N- <4 N 4(- 4MW N--- --- - - - - - -
. .. .- .~ .~ - - . .~ r. . . r. .- . . - i - -- - -. - - -e- - r- I- r- r- r -( ~r-e- -- -- ~

r- Cc -- -O as 0- - -
l' - ac(,2

00 0 00 N000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 a, M0,

II ~ ;O000000oo0o cc0o0o rq oo

on vinU)a )Q ~ 0r

- -- --- -- 141-

. .f . . . . . . . . . . . . . . -

m I

a, U, u

w -- ---------- - 7 ---- 0-000000--0-

- - - - - -----------------------------------------------------------------------

a f'
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

.4 C! C CC
IA 4) 0.-.- 4(4.~4 OON 'MOL

M M cr ON -%0 %M0 %0MM0 ,07 ,(,0 C

C.26



-. 0 Lor -W 4o r" C nn ~
W) - -0 C 0.;cmINC4cN 9IN0 a" 4 9- 4

------- ------ -

. .. . . .0Q CI,0 00c a 7

0 - - " In I w I I I I I I I I I I I I I I I I I I I I
> -" -U , ,r-r -r -F -r -r r 0G 0wC)G 30 wwG aw(3 m ma ,a la ,7 ,a

E- 0 O Oooooooooo ooo o o o~ooo :-OO OOcO OCOO oO

I "I r

v W-n- " "I C(4 C4 (~4 . c' CN4N ('(N.- 0 0-a0-0Z4 4

4f)

on ~ 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 00000(oc0om o 00 00f0CC 000000

U- - - -0- -0-0 - - -

-- ------------------------ ---

0 0 1

4) 0 000 000 000 00oo ooo 00o ooo ooo ~ o~o ooo oc 0c00 ccz

4) o 0( ' V. 0 0 - DW

U) -0 ~~N - N C 4 (' 4N27



e0 -4 -4 - -

- E- 0 0 CC

0 3%

C.44

www w w ww

a, 0 
%

% 00, 0 '000',

. ., . . . . . . .

41 V

0

(4 CN I
E4

-14 ------ - ----- --

W, W4 W- W0C , W ,C ,C W , W ,C ,W ,W W , , W ,W , ,W ,W
r, 0% 0- 0' 0L , . . qC . -r t .< ,N w vr w - n 4r ,r

'0 0% 
C! '0C ( C

tnoC OWN awlowlolnot'0' O0nok0otn O'0n0 0'vlow) Oln Otm0'ln O0'0i'O'low' Okn ' un 0 wl 0 WN0 0 Lm'0'0 V)'0'0'
14 - -4-4 4-4- -4~~4 -- 4-4 -4-44-MOO _O I I I r I I I I I I I I I I I I I I I I I I I I I I N C4C 4 N C

U~~V Z ' 00W% 00Ww

0 % 0 % % 0 % %'00 0 % 0 0 % 0 '0'0 0'0 0'0 ~ ~ * '28



M-

c

00 101 01 01 0a- 01

4) (7 0 oM-

0 0~

4

0) 0 -W W
N ,r-L

0 4),, *o('ow", -4 -- w --------------

CC 0) 000 00 000WCCCC0 00 000 0 0000000000000000000000000 C4 C

> 00 0 - - - "N4C
U)vv vr 4)e v r

C ~ 444 ~ 44 44 44 444 .q 4.~4 444 q~4.4.4.29.



060

EE
0-0

3 -



C-

V

-C

-E

E

-C'N

N
N>

'N

N> - -

- E-E

'0

C
0~ C - N

N N N
I I
.0

31



Q

-~/

C-

C-

- > 0*'

C

K

I.-

~j

S-a

0
__________ 0

0 - --

o

32


